Introduction
Uterine leiomyomas (fibroids, myomas) are benign myometrial neoplasms, but may grow to impressive sizes [1] . Furthermore, leiomyomas represent the primary indication for hysterectomy, one of the most common surgically performed procedures in women, in Germany and the United States [2] . Traditionally, hysterectomy for very large uteri has been performed abdominally. However, since the introduction and considerable improvement of the laparoscopic technique, e.g. improvements in uterine morcellation and thermal coagulation, the use of laparoscopic hysterectomy for benign gynecologic disease has increased substantially, but this surgical procedure is still underused [3] [4] .
The benefits of a laparoscopic approach to hysterectomy are well documented in literature. The concerns and difficulties with the minimally invasive approach for enlarged uteri are limited access to uterine vessels with a high risk of hemorrhage or injury of bowel or bladder due to poor exposure, difficulty extracting the uterus and the duration of the procedure [6] . As a consequence, for very large uteri weighing at least 500 grams (g) the most suitable type of approach is still subject of debate [5] . To date, only one prospective randomized study and few retrospective studies assessed the feasibility of laparoscopic hysterectomy in cases of very large uteri. Most studies demonstrated the feasibility and safety of laparoscopic hysterectomy compared to normal uterine size with a longer operation time and a low level of operative complications [4] [5] [6] [7] [8] [9] [10] . However, the existing studies analyzed different hysterectomy techniques: total laparoscopic hysterectomy (TLH), laparoscopically assisted vaginal hysterectomy (LAVH) and laparoscopic supracervical hysterectomy (LSH). Most studies focused on TLH and did not compare the techniques among each other for large uteri [4] [5] [6] [7] [8] [9] [10] . Moreover, another limitation of the existing studies is the definition of the enlarged uterus with a range from 300 g up to 1000 g [4] [5] [6] [7] [8] [9] [10] . The general consensus defines a large uterus as a uterus extending beyond the boundaries of the true pelvis, which equates to a 20-week sized uterus or to a uterine weight of 500 g.
The main objectives of our study were to demonstrate that LSH or TLH can be performed safely even in patients with a uterine weight ≥ 500 g, to analyze the rate of conversions to laparotomy due to uterine size and to estimate the incidence and type of intraoperative and long-term postoperative complications. Our secondary objective was to compare LSH and TLH with regard to conversion to laparotomy rate. The women included in the present study derive from the same cohort as our prospective implementation and standardization study on LSH and TLH for benign uterine disease [11] .
Material and Methods

Study design
All women included in the study underwent either LSH or TLH for benign uterine disease at the Department of Obstetrics and Gynecology, University Tübingen, Germany from January 2003 to December 2010. Inclusion criteria for this retrospective open, single-center, comparative interventional study of LSH and TLH have been previously described in detail [11] . Briefly, women aged over 18 years, with symptomatic, benign uterine disease were either planned for either LSH or TLH in accordance with our institutionʼs guidelines [11] [12] . Additionally, for the present analysis we included only women with a uterine weight of at least 500 grams (g). Exclusion criteria included presence of gynecologic cancers, planned laparotomy, deep infiltrating endometriosis and urogenital prolapse. The women included in the present study derive from the same cohort as our prospective implementation and standardization study on LSH and TLH for benign uterine disease, which analyzed the standard hysterectomy and therefore excluded complex situations [11] .
Demographic variables (including age, body mass index [BMI], and a previously described surgery score, calculated as 1 point per laparoscopy plus 2 points per laparotomy (including cesarean sections) [13] , surgical (e.g. operating time) and pathological (uterine weight, histological diagnosis) variables were collected and extracted from hospital records for statistical analysis. Operating time was measured from insertion of the Verres needle to skin closure; the length of hospital stay was calculated in days [11] .
Surgical strategies
The surgical techniques for LSH and TLH were essentially performed as previously described, in the context of implementation of standardized surgical methods and including the introduction of innovative instruments [12] . However, if required certain modifications to the standard technique were adopted: myomectomy may have been done prior to the hysterectomy in case of large subserosal leiomyomas in order to create space for the procedure. We defined conversion to laparotomy as the need for a standard laparotomy at any time during the operation, either because of complications or technical difficulties [11] . All patients underbei den Patientinnen der TLH-Gruppe. Die Konversionsrate zur Laparotomie infolge des Gebärmuttergewichts war wesentlich geringer in der LSH-Gruppe (11,9 %) verglichen mit der TLH-Gruppe (37,9 %) going TLH were strongly advised to abstain from sexual intercourse from at least 6 weeks after surgery. The hysterectomies were performed by 12 gynecologic surgeons from our Department; the size of the study cohort reflects the entire laparoscopic experience of these surgeons starting with the first laparoscopic hysterectomy in a woman meeting the inclusion criteria within the implementation and standardization period of the techniques (▶ Fig. 1 ).
Data analysis
Data were coded and entered into an Excel spread sheet (Microsoft, Redmond, Washington). Statistical analysis was carried out using R (Version 3.1.2., with package exact RankTests) (R: A Language and Environment for Statistical Computing, R Development Core Team, R Foundation for Statistical Computing, Vienna, Austria, 2014, www.r-project.org). We report means, standard deviations and medians for continuous variables and frequency counts and percentages for nominal or categorical variables. To assess differences between the LSH and the TLH group, Fisherʼs exact tests were performed for nominal or categorical variables. The Wilcoxon sum rank test was performed for continuous variables. All tests were two tailed and p < 0.05 was considered statistically significant in all statistical analyses.
Results
A total of 2291 consecutive patients underwent hysterectomy at our institution during the study period and were assessed for inclusion in the present analysis. Of these patients, 2153 patients were excluded: 283 patients had gynecologic malignancy, 27 patients underwent planned laparotomy due to individual risk-benefit analysis, 29 patients were excluded for other reasons (including 15 patients who had borderline malignancies). Of the remaining 1814 patients 138 had a uterine weight of at least 500 g; 109 patients (79.0 %) underwent LSH and 29 patients (21.0 %) underwent TLH.
Patient population
The main indication of hysterectomy in our study cohort was the preoperative diagnosis of leiomyomas (92.0 %). Patient ages ranged from 36 to 67 years, with an overall median of 47.5 years; median BMI was 24.9 for all patients, ranging from 18.3 to 45.9. Prior pelvic or abdominal surgery was noted in almost half of the women (45.7 %). Median uterine weight across the entire cohort was 602 g, with the largest uterus weighing 1860 g.
The 138 hysterectomies were carried out by 12 surgeons; one surgeon performed > 20 cases, 3 performed > 15 cases and 3 performed > 10 cases, altogether accounting for 111 (80.4 %) of all hysterectomies. The remaining 5 surgeons performed up to 8 hysterectomies. ▶ Fig. 2 shows the uterine weight by surgery date; the slight increase of uterine weight by time is not significant (linear regression, p = 0.225) (▶ Fig. 2) .
Selected baseline demographic characteristics of the two distinct groups are shown in ▶ Table 1 . No significant differences in characteristics were found among women that underwent LSH compared to women that underwent TLH with regard to age, BMI, and previous surgery score (▶ Table 1 ). The intra-and postoperative characteristics of the study cohort are presented in detail in ▶ Table 2 . The two groups of women did not differ significantly in respect of uterine weight, operative time and hemoglobin drop. The hospital stay was significantly shorter in women that underwent LSH compared to women that underwent TLH (p < 0.001).
Conversion to laparotomy
The rate of conversion to laparotomy was significantly lower in the LSH group (16.5 %) compared to the TLH group (41.4 %) (p = 0.009) (▶ Table 2 ). A total of 24 cases (17.4 %) among the 138 hysterectomies were converted to a laparotomy due to lack of adequate intraabdominal space and size of the uterus, 5 (20.8 %) of these patients (4 in LSH group, 1 in TLH group) had uterine weights > 1000 g. Mean uterine weight of the patients in the LSH group that underwent conversion was 883 g (SD 380 g, n = 13) and 757 g (SD 371 g, n = 11) in the TLH group. The rate of conversion to laparotomy due to the uterine weight was significantly lower in the LSH group (11.9 %) compared to the TLH group (37.9 %) (p = 0.002). Intraoperative complications requiring laparotomy for other reasons but uterine size occurred in 6 patients of the study cohort (6/138; 4.3 %): 5 patients that underwent LSH (3 patients with complex adhesions, 1 patient with uterine bleeding requiring blood transfusion and 1 patient with severe hypercapnia) and 1 patient that underwent TLH (accidental injury of the inferior vena cava).
Most conversions only due to uterine size occurred during the implementation period of both surgical methods at our institu- Fig. 1) .
Severe intra-abdominal adhesions necessitating extensive adhesiolysis were the reason to conversion in one patient and together with large uterus in another patient, both of the LSH group. Intraoperative complications requiring laparotomy occurred in 3 patients of the study cohort, all together with large uteri (3/138; 2.2 %): 2 patients that underwent LSH (one patient with uterine bleeding requiring blood transfusion, one patient with bladder injury) and one patient that underwent TLH (accidental injury of the inferior vena cava). Long-term postoperative complications requiring re-operations occurred in 2 patients (2/ 138, 1.4 %) from the LSH group, both patients had to be re-operated on due to adhesions.
Discussion
Our results show that LSH or TLH in women with very large uteri can be accomplished with few conversions to abdominal hysterectomy due to uterine size, minimal blood loss and a low rate of intraoperative and long-term postoperative complications. In addition, we found that the rate of conversion to laparotomy due to uterine size was significantly lower in the LSH group compared to the TLH group and that the hospital stay was significantly shorter for women that underwent LSH compared to women that underwent TLH.
Generally the rate of conversion to laparotomy in laparoscopic hysterectomy has been reported to range from 0 to 19 % with independent risk factors [14] . We found a conversion rate to laparotomy due to uterine size of 17.4 % in accordance with previously published evidence [14] . However, Alperin et al. found a conversion rate of 3.4 % in the largest series of LSH and TLH for very large uteri (≥ 500 g) reported to date [4] . Furthermore, Uccella et al. reported a conversion rate of 4.2 % in a series of women that underwent TLH for uteri weighing ≥ 1000 g [9] . A possible explanation for difference reflected by our cohort is the fact that the size of our study cohort reflects the entire laparoscopic experience of the surgeons starting with the first laparoscopic hysterectomy in a woman meeting the inclusion criteria while the laparoscopic experience was not specified in the previously mentioned studies. Accordingly, the conversion rate due to uterine size only decreased markedly after the successful implementation of LSH and TLH in our Department (13 conversions/23 surgical pro-▶ [15] . An increased uterine size not only requires greater surgical skills and experience, but also adequate technical equipment and in some cases a modification of the technique [16] [17] . Wattiez et al. described several modifications to the current technique for TLH for huge uteri to minimize the risk of lacerating the uterus such as a higher insertion of the optic trocar via an open abdominal entry [6] . Also the use of a uterine manipulator appears very helpful in these cases to reduce the risk of complications and the operating time as it optimizes the exposure of vessels and structures [18] .
For laparoscopically assisted hysterectomy for uteri weighing 500 g or more was described that conversion to total abdominal hysterectomy could be expected to occur in less than 10 % of cases [7] . The risk of conversion is increased at BMI > 35, age > 65 years and uterus weight 200 to 500 g and especially > 500 g as well as surgical skills [14] . Wallwiener et al. showed that a surgical history of two or more cesarean sections is a risk factor for operative complication and that a BMI ≥ 30 kg/m 2 , uterine weight ≥ 500 g and a surgical history of myomectomy are risk factors for conversion to laparotomy [11] . On the contrary, Alperin et al. found no association between conversion rate and increased uterine weight [4] .
Of note, the conversion rate was significantly lower in the LSH group compared to the TLH group. Twijnstra et al. also observed an approximate three-fold decrement of the conversion risk to laparotomy when performing LSH compared to TLH [14] . Additionally, no direct association of the surgical experience with the conversion rate was found [14] . However, Twijnstra et al. introduced the term of "surgical skills" (a summation of immeasurable "environmental" factors: factors related to the surgeon, the operating room team, or organizational factors), an intrinsic factor influencing the risk of conversion [14] . In our opinion, our finding of a lower conversion rate in the LSH group can also be explained in the light of "surgical skills": at the beginning of the implementation period (year 2003) LSH and TLH were performed in a ratio of 21 : 1, while at the end of the implementation period (year 2008) LSH and TLH were performed in a ratio of 5 : 1 (▶ Fig. 2) . Thus, the increment of surgical procedures does not only influence the surgical experience, but also the "surgical skills" of the entire surgical team.
The rate of intraoperative complications (2.2 %) (blood transfusion, cystotomy, injury of the inferior vena cava) and long-term postoperative complications (1.4 %) (re-operations due to adhesions) is in accordance with previously published rates in patients with increased uterine weight [4] . Hence, supposed that experienced surgical skills and adequate technical equipment are assured, laparoscopic hysterectomy can be performed successfully in most women with enlarged uteri with no significant increase in complication rates, so that these patients can benefit by the advantages related to minimally invasive surgery.
The major limitation of the present study is the non-randomized approach to the surgical indication of either LSH or TLH which leads to the possibility of selection bias. Furthermore, similarly to the series of Alperin et al., the study did not include open abdominal or vaginal hysterectomy comparison groups [4] . However, by choosing to analyze data from consecutive cases, representing the entire laparoscopic experience of LSH and TLH in patients with very large uteri, starting with the first laparoscopic hysterectomy in a woman meeting the inclusion criteria, we have presented unbiased outcomes. In conclusion, our study adds further insight in the limited data set of laparoscopic hysterectomy for increased uterine weight and shows that after an implementation period LSH and TLH are safe and feasible even in patients with very large uteri (≥ 500 g).
